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The Frontiers of the Field

Å ¢ƘŜ Ψо ŦǊƻƴǘƛŜǊǎΩ ƻǳǘƭƛƴŜ ǘƘŜ 
major thrusts of high energy 
physics:  
ï Ψ9ƴŜǊƎȅΩΥ  ƛƴŎƭǳŘŜǎ ƭŜǇǘƻƴ ŀƴŘ 

hadroncollider detectors
ï ΨLƴǘŜƴǎƛǘȅΩΥ ƴŜǳǘǊƛƴƻ ŀƴŘ ǊŀǊŜ 

decay experiments 
ï Ψ/ƻǎƳƛŎΩΥ  ŘŀǊƪ ƳŀǘǘŜǊ ŀƴŘ ŘŀǊƪ 

energy

Å In each area, the physics is 
advancing rapidly.  It is crucial 
that the detector technology 
keep pace.

Å Fermilab is making major 
contributions in each of these 
frontier areas.



Why Fermilab?
Å Detector R&D at Fermilab should be geared towards our strengths as a national 

lab. ¢ȅǇƛŎŀƭƭȅ ǘƘƛǎ ƳŜŀƴǎ ǘƘŀǘ ǘƘŜ ƭŀōΩǎ ƛƴǎǘƛǘǳǘƛƻƴŀƭ ŎŀǇŀōƛƭƛǘƛŜǎ ŎƻƳŜ ƛƴǘƻ ǇƭŀȅΦ  
These can be 

ï Presence of unique facilities

ï Experienced, well established engineering groups 

ï Managing projects that are too large for an individual university

ï Projects that require a large initial investment

Å In almost all cases there is a high degree of collaboration with the university 
community or other (inter)national labs.

CALICE at the test beam
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Inspection at SiDet
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Liquid Argon purity Demonstrator



As examples of detector R&D questions, 
Why donõt weé.?

Å Make silicon sensors in 3 dimensions instead of 2 

Å Read out detectors with light instead of cables

Å Make hadroniccalorimeters out of crystals 

Å Smash the 100 psecbarrier in time-of-flight 

Å Fill liquid Argon tanks without evacuating them 

Å Freeze Xenon into a solid crystal, instead of using liquid 

Å tŜǊŦƻǊƳ ǇŀǊǘƛŎƭŜ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴΧ

With sound waves?
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I. 3 - Dimensional Silicon

The development of 3D integrated circuits has recently received much 
attention in trade journals, special sessions have been arranged at various 
IEEE meetings, and dedicated meetings such as 3D Architectures for 
Semiconductor Integration and Packaginghave taken place. 

All ƻŦ ǘƘƛǎ ŀǘǘŜƴǘƛƻƴ ƛǎ ƎŜƴŜǊŀǘŜŘ ōȅ ƛƴŘǳǎǘǊȅ ǎŜŜƪƛƴƎ ǘƻ ǇŜǊǇŜǘǳŀǘŜ aƻƻǊŜΩǎ 
Law.  In particular, industry is focusing on several 3D IC applications: 
Åstacked memory chips
Åpixel arrays for imaging
Ålogic and memory stacking on microprocessors and FPGAs. 

The 3D technology is being driven entirely by industry.  However, the time 
has come when HEP can begin to benefit from work in progress.

Fermilab began exploring 3D technology for HEP several years ago and 
submitted the first 3D IC (VIP1) for HEP to MIT Lincoln Labs in October 2006.



3D = Vertical Integration

ÅVertical integration of thinned and bonded silicon 
tiers with vertical interconnects between the IC 
layers
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Milestones Achieved in First HEP 
3D Circuit called VIP1

ÅDemonstrated increased 
circuit density by 
integrating 3 circuit tiers

ÅShowed that extreme 
circuit thinning (7um)  was 
possible

ÅShowed that small vias
(~1.5 um) were possible 
thus allowing for small 
pixel sizes.

ÅShowed that 3D viasand 
bonding were reliable

MIT LL 3 Tier Assembly



É The CAPTAN DAQ system has been developed by the DIG (Detector 

Instrumentation Group) of CD/ESE. There are 3 basic concepts behind the 

system:

2)A set of core boards:

1)Vertical standard bus

NPCB ïNode Processing 

and Control Board

DCB ïData 

Conversion Board

3)Horizontal connectivity

Gigabit Ethernet Link

Interface Boards 

Level Translator

USB 

II.  The CAPTAN DAQ system

É The software is a multithreaded application running on windows



Test Beam Pixel Telescope Overview
CAPTAN STACK POWER SUPPLY DUT SENSOR BIASTELESCOPE BOX

ROUTERSCINTILLATOR

A great example of the synergy between detector development, 
CŜǊƳƛƭŀōΩǎunique facilities (test beam, in this case) and the User 
community, which now benefits from this added capability.


